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Abstract. The digital revolution is transforming the communication of scientific knowl-
edge, introducing new interactive exploration methods in visitor centers and exhibitions.
The ”Time Machines” exhibition, created by the Italian National Institute of Astrophysics
(INAF), in collaboration with Pleiadi, features interactive tools that engage the public
in modern astrophysics. A notable example is a touch table, called the “Solar System
Console”, that allows users to explore the Solar System by accessing and manipulating
informational cards, facilitating individual and collaborative learning in an engaging envi-
ronment. Another highlight is the virtual tour of INAF’s main observatories, providing a
captivating 360° experience that immerses viewers in key locations of Italian astrophysical
research. Overall, these emerging technologies and interactive exhibits offer effective ways
to promote scientific culture nationally and internationally. In this paper, we will present
the development of these projects together with the ”lessons learned”, challenges faced,
and future evolution based on the ”Time Machines” exhibition experience.
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1. Introduction

The digital revolution has transformed sci-
ence communication, moving beyond static
displays to dynamic, interactive explorations.
Visitor centers and museums are now employ-
ing cutting-edge technologies, like virtual re-
ality simulations that transport visitors to dis-
tant planets, to create truly immersive learn-

ing experiences (Marques et al. (2021)). This
transformation empowers visitors to engage
more deeply with scientific concepts and ex-
pand their understanding of the boundless pos-
sibilities of scientific discovery (Chastenay
(2016)).

All these advancements have been thought-
fully incorporated into the design of the exhi-
bition ”Time Machines”, ensuring that it not
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only showcases the wonders of astrophysics
but also fosters active participation and collab-
orative learning among visitors (Hayward &
Hart (2015). By integrating interactive tools
and immersive experiences, ”Time Machines”
aims to bridge the gap between complex sci-
entific ideas and public understanding, making
science both accessible and engaging for all.

’Time Machines’ (Mignone et al. (2023))
is an exhibition of the Italian National Institute
for Astrophysics (INAF) held in ”Palazzo
Esposizioni” in Via Nazionale Rome, Italy
from the 25th of November 2023 to the 24th of
March 2024. This was the first large exhibition
conceived and realised by INAF, in collabora-
tion with Pleiadi. It offered visitors an extraor-
dinary journey through space and time, all the
way to the far reaches of the known Universe,
until the dawn of cosmic history, with the
help of telescopes, the “time machines” of as-
tronomers and astrophysicists. With a pop style
and eighties flair, the exhibition exploited the
light travel time – the farther astronomical ob-
jects we observe, the further we see back in
time – to explore planets, stars and galaxies
along an itinerary that is both physical and con-
ceptual.

‘Time Machines’ integrated various inter-
active tools to tell the story of modern astro-
physics, offering the public unique opportuni-
ties for active involvement and discovery. One
example is the virtual tour of the INAF’s main
observatories. Wearing the virtual reality visor,
the viewer is immersed in a high-impact 360°
experience, exploring, while having fun, the
key locations of Italian astrophysical research
and the main celestial sources studied and ob-
served in these places.

Another example is a touch table conceived
and designed to offer adults and children the
individual and/or collaborative opportunity to
touch the Solar System by accessing, visual-
ising and manipulating a series of information
boards. Through this exhibit, users could select
their favourite planet, explore its characteris-
tics and immerse themselves in a wide range
of virtual and multimedia content related to the
Solar System. It is also a very useful tool from
a didactic point of view, as it goes beyond tradi-
tional pen-and-paper teaching methods and fa-

cilitates more effective learning for the individ-
ual and the class group, creating a playful and
stimulating environment (Gaylord-Opalewski
(2019)).

In this paper, we will explore these two ex-
hibits, detailing the development process from
conception to realization. Additionally, we will
examine their impact on the public and discuss
future perspectives to enhance their effective-
ness in upcoming exhibitions.

2. INAF Virtual Tour

Following the concept of the ”Time Machines”
exhibition targeted at a young audience and
general public, it was necessary to offer a vir-
tual reality experience. This kind of exhibit
gives the opportunity to immerse visitors in
the daily reality of the observatories, allowing
them to physically interact with the INAF tele-
scopes, which are the true protagonists of the
exhibition, and to learn about the main scien-
tific discoveries made possible through the use
of these telescopes.

The design and development of this ex-
hibit were led by the following objectives: al-
low visitors to visit the INAF telescopes (some
of them not open to the public and difficult
to reach), provide an engaging and immer-
sive experience, and disseminate the scientific
research conducted using these instruments.
Finally, to achieve these objectives, it was nec-
essary to take into account some constraints,
mainly technical, defined by the location and
the general design of the ”Time Machines” ex-
hibition. First of all, it was important to cre-
ate a simple and intuitive interface that enables
autonomous navigation for the users. The ex-
perience should not require a dedicated staff to
guide the visitors in the virtual tour and did not
depend on Wi-Fi usage, since the connection
was not reliable. Furthermore, it was manda-
tory to develop a low-cost product due to bud-
get constraints and ensure a quick tour experi-
ence of about 10/15 minutes as a maximum.

Taking into account those constraints and
limitations, the tour was developed using the
paid licensed software 3DVista. It allows a
simple and intuitive production of a tour that
can be loaded into the Meta Quest 2 viewer’s
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Fig. 1. Exhibit design. Pictures of the two stations of the Virtual Tour exhibit at the ”Time Machines”
exhibition (Credits: INAF/Paolo Soletta)

Fig. 2. Panorama. Example of two panorama regarding the Sardinia Radio Telescope included in the Virtual
Tour

local memory and enjoyed without the use of
an internet connection. In order to simplify the
experience of the virtual tour and avoid any in-
teraction with the controllers, a tailored tour
that does not require the navigation with joy-
sticks was created. The virtual tour was there-
fore designed and developed so that visitors
could navigate it independently and intuitively
using a pointer. This pointer, when positioned
over the hotspots for a few seconds, allows the
user to move from one panorama to another
and/or start descriptive videos.

The exhibition design included two sta-
tions for virtual reality exhibits, as shown in
the Figure 1. Each table had four seats, each
corresponding to a virtual reality headset. The
viewers were secured with cables fixed to the
centre of the table. This configuration allowed

visitors to sit down and look around 360 de-
grees from their seated position.

Thereafter, the selection of the INAF tele-
scopes to be included in the tour was made.
We selected the telescopes with ready-to-use
360-degree images and we chose one image of
the exterior and one of the interior for each
telescope. In particular, the ones included in
the tour are: Galileo National Telescope at
the La Palma Island, Sardinia Radio Telescope
in Sardinia, Copernicus Telescope in Asiago,
Radioastronomical Station in Medicina and
Cassini Telescope in Loiano. In Figure 2, two
examples are presented.

Furthermore, for each observatory, to de-
scribe the most relevant and recent research
projects, 3 or 4 images have been chosen show-
ing the most significant scientific discoveries
made thanks to the use of these telescopes. For
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each image, a video of about 1 minute has been
created in which the importance of that particu-
lar scientific discovery is explained in a simple
and accessible way.

The entire virtual tour has been developed
in Italian, with translations in English for all
the contents (audio and video), identified by
different hotspots.

3. Solar System Console

The Console has been designed taking into
account the following objectives: disseminate
relevant knowledge about the Solar System;
present the engagement of INAF in the explo-
ration of the Solar System, experience a hands-
on activity and facilitate learning in a fun way
by playing with the touch table. Also for this
exhibit, there were some constrains we have to
take into account. In particular, we had to de-
velop a simple and intuitive interface to allow
an autonomous navigation of the public, with-
out the help of a guide. Another goal was also
to create an exhibit of high impact that capti-
vates the audience and communicates a variety
of contents.

To do so, the Solar System Console has
been design and developed as a console that
consists in a touch table and a big screen on
the wall. Users interact with the exhibit trough
the touch table and the screen shows the mirror
of that table (see left image of Figure 3). This
configuration gives the possibility to a large au-
dience to see what the touch table is display-
ing and it has been developed with the aim
of engaging a large number of people, such as
classes of students.

The exhibit has been developed using a
Wordpress website which was installed into the
local memory of the computer under the touch
table, without using the internet connection.
For each object of the Solar System, namely
planets, moons, comets, asteroids and dwarf
planets, a fact sheet was created. In these web-
pages, all the information about the objects is
presented together with a 3D model, that can
be rotated and moved by the public. In the right
image of Figure 3, the main menu of the inter-
face was presented.

4. Future perspectives

While improvements have been made, there’s
still significant potential to create a truly seam-
less and elevated experience for the audience,
free from any issues. To do so, we collected
feedback from the audience and from the staff
of Palazzo Esposizioni to understand the criti-
cal issues that arose in the exhibition.

The INAF telescope virtual tour requires
a seamless VR experience, free from techni-
cal glitches. To achieve this, the Meta Quest 2
headset’s reliance on pre-set virtual boundaries
must be carefully considered during setup.
This setting prevents users to hit objects in the
room while using the headset with any app.
However, if the border is crossed the applica-
tion in use is automatically stopped for security
reasons. This technical issue needs to be ad-
dressed for this exhibit by exploring alternative
headset model and/or developing a different
station where the devices are located. A possi-
ble solution could be an exhibit with a secured
and specially designed helmet that houses the
headset. This would eliminate the risk of users
bumping into objects and ensure a safe and im-
mersive 360° experience. Moreover, the exhi-
bition’s lack of dedicated staff presented a ma-
jor challenge, as devices needed to be powered
on and off daily to conserve battery life, fur-
ther complicated by occasional device freezes.
Utilizing dedicated apps for Meta Quest head-
sets, designed specifically for exhibitions, has
the potential to address these challenges. This
approach could provide a fully autonomous ex-
perience, eliminating the need for staff to guide
the virtual tour, freeing up resources and im-
proving user experience.

A straightforward improvement of the
Solar System Console would be to include
more fact sheets about other objects and en-
hancing existing entries. This will provide a
more comprehensive overview of our knowl-
edge about the Solar System. Moreover, a
modular software design for the Console ex-
hibit would enable its use for exploring other
astronomical topics as well. Finally, improving
the exhibit’s accessibility for blind and visually
impaired users is essential to ensure the usabil-
ity of the Console. For example, by research-



100 Mantovani: Communicating science in the digital era

Fig. 3. The Solar System Console. Left image: the exhibit of the Console. Right image: the main menu of
the interface.

ing suitable colors and fonts and incorporating
a screen reader, we can make the experience
more accessible and inclusive for everyone.

5. Conclusions

The exhibits of the INAF telescopes virtual
tour and the Solar System Console have had
a great impact on the public and enjoyed es-
pecially by the younger audience. These new
and emerging technologies applied to the pub-
lic engagement offer an effective and power-
ful way to promote scientific culture. These
exhibits provide a unique learning experience,
engaging students through hands-on interac-
tion and offering the flexibility to work inde-
pendently or in groups guided by teachers.
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